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ABSTRACT 
The t heo re t i ca l  e x p r e s s i o n  f o r  t h e r m a l  c o n d u c t i v i t y  
of a b i n a r y  m i x t u r e  of  g a s e s  h a s  been  u s e d  t o  d e t e r m i n e  t h e  
m u t u a l  d i f f u s i o n  c o e f f i c i e n t  o f  t h e  two g a s e s .  The 
a 
theore t ica l  t h e r m a l  c o n d u c t i v i t y  f o r m u l a  has a l so  been  
u s e d  t o  o b t a i n  t h e  t e m p e r a t u r e  d e r i v a t i v e  o f  t h e  d i f f u s i o n  
c o e f f i c i e n t  a t  room t e m p e r a t u r e  and  these d e r i v a t i v e s  i n  
t u r n  are u s e d  t o  p r e d i c t  t h e  d i f f u s i o n  c o e f f i c i e n t  a t  sev -  
e ra l  t e m p e r a t u r e s  above  and  below room t e m p e r a t u r e .  The 
ag reemen t  be tween p r e d i c t e d  and  o b s e r v e d  d i f f u s i o n  c o e f f i c i e n t s  
is good. The t e m p e r a t u r e  d e r i v a t i v e s  have  a l so  been  u s e d  
t o  c a l c u l a t e  t he rma l  d i f f u s i o n  f a c t o r s  and  t h e  ag reemen t  
is s a t i s f a c t o r y  c o n s i d e r i n g  t h e  g r e a t  s e n s i t i v i t y  o f  t h e  
t h e r m a l  d i f f u s i o n  f a c t o r s  t o  s m a l l  e r r o r s  i n  t h e  d e r i v a t i v e s .  f 
c 
. 
* -  
1. INTRODUCTION 
The expression f o r  t h e  t r anspor t  p rope r t i e s  of gases  
obtained from t h e  Chapman-Enskog theory  [l] can be put  i n t o  
such a form t h a t  they can  be considered a s  r e l a t i o n s  between 
var ious experimental  p roper t ies .  The p a r t i c u l a r  r e l a t i o n  t o  
be s tudied here  i s  t h e  expression f o r  thermal conduct ivi ty  of 
a binary mixture. This expression can be used a s  a r e l a t i o n  
between t h e  experimental  thermal conduct ivi ty  a t  a s i n g l e  t e m -  
pera ture  and t h e  temperature de r iva t ive  of t h e  mutual d i f fus ion  
c o e f f i c i e n t  of t h e  two gases. Relat ions of t h i s  type a r e  v i r -  
t u a l l y  independent of any force law between t h e  molecules and 
the re fo re  can be used t o  e i t h e r  c a l c u l a t e  one property from a- 
nother or  a s  a t e s t  of t h e  mutual consistency between t h e  mea- 
surements of two d i f f e r e n t  proper t ies .  
Holleran and Hulbert [ 2 ]  der ived a recursion f o r  t h e  col-  
l i s i o n  i n t e g r a l s  and showed how t h i s  formula can be used t o  
convert  t h e  t h e o r e t i c a l  formulas i n t o  expressions between mea- 
surable  q u a n t i t i e s .  The technique of using t h e o r e t i c a l  ex- 
press ions  t o  obtain r e l a t i o n s  between experimental  q u a n t i t i e s  
has  been used r ecen t ly  t o  discuss  t h e  p rope r t i e s  of s eve ra l  
s p e c i f i c  systems: thermal conductivity [ 31, v i s c o s i t y  C41 , and 
d i f fus ion  and thermal d i f fus ion  [5,61.  The t h e o r e t i c a l  formula 
f o r  t h e  v i s c o s i t y  of a binary mixture has  been used t o  determine 
mutual d i f fus ion  coe f f i c i en t s  f o r  both r a r e  gases [ 7 ]  and poly- 
atomic and polar  gases [8] qu i t e  successfu l ly .  The form of t h e  
formula f o r  t h e  v i s c o s i t y  of t h e  binary mixture i s  q u i t e  s imi l a r  
t o  t h a t  of t h e  thermal conductivity and thus  t h e  same procedure 
should be appl icable  t o  both. Therefore ,  experimental  thermal 
conduc t iv i t i e s ,  measured a t  room temperature,  have been used 
t o  es t imate  d i f fus ion  coe f f i c i en t s  over a range of temperatures.  
These der ived values  a r e  compared t o  d i r e c t l y  measured values  
thereby t e s t i n g  t h e  mutual consistency of t h e  two p rope r t i e s .  
Values of t h e  d i f fus ion  c o e f f i c i e n t s  obtained from v i s c o s i t y  
da t a  [ 7 ]  a r e  a l s o  compared t o  those obtained from thermal 
conduct ivi ty  measurements. Furthermore, since t h e  thermal 
d i f f u s i o n  f a c t o r  i s  r e l a t e d  t o  t h e  temperature dependence of 
t h e  d i f fus ion  c o e f f i c i e n t  [2 ,5]  comparisons t o  the  measured 
thermal d i f fus ion  f a c t o r s  are a l s o  made. The l a s t  comparison 
is  an extremely severe test of t h e  derived temperature deri- 
v a t i v e s  because t h e  thermal d i f fus ion  f a c t o r  i s  very s e n s i t i v e  
t o  small  e r r o r s  i n  t h e  der iva t ives .  
1 
The s p e c i f i c  formula for the  thermal conduct ivi ty  of a 
mixture used he re  h a s  been given by Muckenfuss and C u r t i s s  [ 9 ]  
This formula i s  based on the  Chapman-Ekskog theory [ l o ]  This 
theory involves severa l  assumptions among which a r e  the  assump- 
t i o n s  of sphe r i ca l ly  symmetric force f i e l d s  and e l a s t i c  mole- 
c u l a r  c o l l i s i o n s  and no allowance i s  made f o r  t he  t r anspor t  of 
energy by the  i n t e r n a l  degreesof freedom i n  t he  molecule. There- 
f o r e ,  these  ca l cu la t ions  have been l imi t ed  t o  systems composed 
of noble gases .  
2 .  Procedure 
The expression f o r  the  f i r s t  approximation t o  thermal con- 
d u c t i v i t y  of a b inary  mixture [ 9 j  can be rearranged i n t o  the  form 
2 
CPD12) a + (pD12)b + (pD12)E'T2C + B;2d + e = 0 ,  ( 1 1  
where D 1 2  i s  the  mutual d i f fus ion  c o e f f i c i e n t ,  p i s  the  pressure  
i n  atmosphere and B l 2  i s  t h e  r a t i o  of  c o l l i s i o n  i n t e g r a l s  [l] a& 
which depends on the  temperature and the  force  law and i s  usu-  
a l l y  near un i ty ,  and 
a =  
b =  
'mix 
c =  
d =  
e =  
I n  these  equations XI and x2 a r e  the  mole f r a c t i o n s  of t he  
components, M 1  and M 2  t h e i r  molecular weights,  A 1  and h 2  the 
thermal conduct ivi ty  of the pure components, X i s  the  mix 
2 
c 
thermal conduct ivi ty  of  the  mixture,  T i s  i n  0 K ,  and R = 8 2 . 0 5 6 7  
cm3-atm/mole - 
r a t i o  of c o l l i s i o n  i n t e g r a l s ,  nh2~*'*/,~1,1)", which depends 
only weakly on the temperature and force  l a w  between the  unl ike  
molecules, and i s  usua l ly  nearly equal t o  uni ty .  
0 K i s  the  gas constant .  The quan t i ty  A T 2  is a 
Equations (1) - (6)  c o n s t i t u t e  a r e l a t i o n  between t h e  th ree  
dc a t  
q u a n t i t i e s  D 1 2 , A 1 2  and B i z .  
mixture a t  a given temperature i s  known f o r  t h ree  d i f f e r e n t  
compositions then it should be poss ib l e  i n  p r i n c i p l e  t o  ob ta in  
values  f o r  a l l  t h ree  quan t i t i e s .  
D12 for a given 
s i t i o n s  they have about the same s lope and l i e  c lose  toge ther ,  
b u t  they seldom intersect .  Although a simultaneous so lu t ion  i s  
the re fo re  impract ical  it is poss ib le  t o  choose va lues ,  based on 
experiment o r  r e a l i s t i c  force laws, f o r  two of the th ree  quan- 
t i t i e s  and determine the  th i rd  from the above equations.  The 
quan t i ty  which appears t o  vary l e a s t  w i t h  temperature o r  force  
law i s  A 1 2 .  
by Hirschfe lder ,  Cur t i s  and Bird [l] f o r  t he  12-6 p o t e n t i a l  and 
the  exp-6 p o t e n t i a l .  
p o t e n t i a l  and the  combination r u l e s  suggested by Mason and Rice 
[l] w e r e  used i n  eqs. ( 2 ) - ( 5 ) .  
If the  thermal Conductivity of  a 
Elowever, when curves of BY2 vs .  * 
O f  A1;!are p l o t t e d  f o r  t he  d i f f e r e n t  compo- 
.k 
This can be seen by examination of the  t a b l e s  given 
Therefore values of AT2 based on the exp-6 
* 
When a t h e o r e t i c a l  v a l u e  i s  assigned to  A I 2 ,  Eq (1) becomes 
a r e l a t i o n  be tween D 1 2  and B 1 2 .  I f  e i t h e r  quant i ty  i s  known then 
the  o the r  can be computed. 
can be used t o  obta in  D12, o r  an experimental value of D 1 2  can 
be used t o  Yield a value for  BT2 .  
s i m i l a r  t o  the  way the  v i scos i ty  of a binary mixture,l)lmi,, has  
been used t o  determine D 1 2  [7 ,8] .  
?k 
That i s ,  a t h e o r e t i c a l  value of BT2 
The former method i s  very 
Both techniques have been used. However it i s  of  p a r t i c u l a r  
i n t e r e s t  t o  determine B 1 2  from known values  of D 1 2  because i t  has  







where the l a s t  term on the r ight  s i d e  o f  Eql  ' I  can be dropped 
as  neg l ig ib l e  i n  the  present  case.  Thus i f  lmlx and D i d  a r e  
known a t  a given temperature E q Y 7 '  provides a means of  p red ic t -  
ing values D12 i n  the  neighborhood of the gLven temperature. 
J f  D12 is  known a s  a funct ion of temperature then F q  i and 7 ,  
provide a good test of t he  consistency of the experimental :.mix 
and D12. 
Tne thermal conduct ivi ty  measurements of Thornton and Baker 
[12.13,14, von I'bisch [ 1 5 J ,  Saxena and Srivastava i16  1 7 ; .  have 
been compared t o  E q s f l )  and 1 7 )  using both d i r e c t l y  measured 
values  of D12 and values determined from v i s c o s i t y  da ta  [7j. 
The q m l x  measured near room temperature w e r e  used along i n t e r -  
po la ted  valLes of D12 t o  evaluate (alnD12/dlnT)p. These der iv-  
a t i v e s  and t h e  corresponding values of D ~ Z  w e r e  used to  de t e r -  
mine values  of  D12 a t  each temperature where the re  were exper- 
imental ly  measured D12 and a t  the temperatures of the D 1 2  ob- 
ta ined  from v i scos i ty .  
3 .  Results 
The d i f fus ion  c o e f f i c i e n t s  obtained by using a t h e o r e t i c a l  
value of B;2 in Eq(1) a r e  given i n  Table 1. 
be used t o  i d e n t i f y  the  source of the  hmlx da ta .  Thornton and 
Baker worked a t  18"c. von L%isch a t  29'c and Saxena and Srlvas-  
tava a t  38'C. D12 given i n  the t h i r d  column have been ob- 
ta ined  from h m L x .  These a r e  the averages of t he  d i f f e r e n t  va- 
l u e s  obtained f o r  each composition. The spread of t he  values  
is  usual ly  a f e w  per  cent .  The accuracy of t h ~ s  procedure seems 
t o  decrease rap id ly  a s  t h e  mole f r a c t i o n  of e i t h e r  component 
becomes very small ,  therefore ,  t he  r e s u l t s  of c e r t a i n  d i l u t e  
mix tu res  w e r e  neglected when they w e r e  n o t  i n  good agreement w i t h  
values  obtained a t  o the r  compositions. ?phis disagreement i s  
probably due t o  a magnification of experimental  e r r o r s  occurr ing 
a s  .4mlx approaches e i t h e r  A 1  o r  7 2  and the  c o e f f i c i e n t s  given 
by Eqs(2) t o  (61 become dominated by small  d i f f e rences  b e t w e e n  
comparable q u a n t i t i e s .  One sys t em which 1s p a r t i c u l a r l y  twouble- 
Some i n  this respec t  is K r - A r .  ?The thermal conduct ivi ty  da t a  
a t  only one composition, near x1=.5, a t  302'K and 3 1 1 ' K  w e r e  
used. The n e x k  column g ives  values of D 1 2  i n t e rpo la t ed  from 
the D12 obtained from v i scos i ty  da ta  i 7 J .  
The temperature can 
The f i f t h  column g ives  
4 
i n t e rpo la t ed  experimental D 1 2 .  The sources of the experimental 
D 1 2  have been given previously 173. 
t h e o r e t i c a l  D12 which w e r e  c3lculated using the  fornula for the  
f i r s t  approximation t o  the d i f fus ion  c o e f f i c i e n t  [I] and the 
exp-6 p o t e n t i a l  with the force constants  given by Mason, Rice 
agd von Ubisch [11,1810 
B 1 2  and A l a  used, these a r e  based on the same parape ters  as the 
t h e o r e t i c a l  D12 ~ 
The s i x t h  column conta ins  
The l a s t  two columns g ive  the vzilzes of * 
The r e s u l t s  given i n  Table 1 show t h a t  f o r  r a r e  gas  mixtures 
thermal conduct ivi ty  data  can be used to  determine diffusi.cn coef- 
f i c i e n t s  a s  successfu l ly  a s  v i scos i ty  da ta .  Since BIZ depends only 
s l i g h t l y  more than A 1 2  on the choice of force  law, the use of theo- 
r e t i c a l  v3lues  f o r  both €312 and i n  eqs ( 1 ) - ( 6 )  does n o t  introduce 
the force  law i n  a pronounced manner i n t o  the ca l cu la t ions .  This 
f a c t  was used by Saxena and Agrawal 1191 t o  show t h a t  Thornton's 
v i s c o s i t y  and thermal conduct ivi ty  measurements a r e  mutually con- 




A more s t r i n g e n t  t e s t  of the congruity of the D12 and Amix 
data  i s  t o  ca l cu la t e  the s lope of the l n D 1 2 V ~ . l n ~  Curve a t  the 
temperature of Xmix da ta ,  u s i n g  E q s  (1) and (71, and then ex t ra -  
po la t ing  t o  the temperatures where D 1 2  i s  known. 
of  these ca l cu la t ions  a r e  given i n  Table 2 .  The t a b l e  i s  i n  two 
p a r t s .  The f i r s t  p a r t  g ives  r e s u l t s  based on E q  (1) and ( 7 )  and 
the  experimental D 1 2  l i s t e d  previously i n  Table 1. 
p a r t  g ives  the r e s u l t s  using the D 1 2  based on v i scos i ty  da t a ;  
these D 1 2  a r e  a l s o  l i s t e d  i n  Table 1. The t h i r d  column conta ins  
the observed D 1 2  given i n  order of increas ing  temperature, f i r s t  
a r e  the d i r e c t l y  measured values followed by the values  determined 
fromTmix.  
before  [ 71. The next columns l i s t  the r e s u l t s  based on A m i x  data  
followed i n  each case by the percentage deviat ion.  The source of 
the hmix data  can be i d e n t i f i e d  by the column headings which give 
the temperature of the A m i x  measurements: 18Oc, Thornton and Baker 
[12,13,14], 29'c, von Iibisch [15], and 38' , Saxena and Srivastava 
[16,17]. Thornton and Baker have given two s e t s  of measurements 
f o r  Ar-He, bu t  only the r e s u l t s  f o r  the s e t  (Table 2 ,  r e f .  1 2 )  
which g ives  the b e s t  agreement wi th  o ther  values  of D 1 2  has  been 
included i n  Table 2.  
The r e s u l t s  
The second 
The sources of the experimental D 1 2  have been given 
5 
The r e s u l t s  ir, TabLe L 2bkd 2 ;EILS, be bsed t o  dfsLc.ss U,e 
mutual co r s i s t ency  sf the  212 determiced from 3% rix and the C ; 2  
obtained fron other 5'- ces ,  The Agreerr.er,t between the meAs,red 
thermal c o n d w t I r T i t i e s  by the V ~ , P ~ C J ~ S  workers ar,d the 3greement 
with theo re t i ca l  c2Ip~lations );3~5 been d;sc?issed by Z"k.crnt.cr, 
and Baker [ 1 3  e 4 7  I Saxen3 arzd Osndhi [2O and M2son ar;d von -bsich 
[ 181 
For the Xe-Fle systen, the expezhen ta l  data  of Tror-iton snd 
Baker and VCE 'c%brs.r"f z r e  s,ct i 2  r a t i s f a c t o r y  3qreemem [L4] w i t h  
each other. Zk,e IT- based C R  vo'- '%s-FchPs d2ta d i e  ~ T L  b e t t e r  
agreement with experlrreq+T2 D l 2  a9d e spec ia l ly  wEth ??,:e valzes  
der ived frcm mix, The ind lca t icn  i s  t h a t  there  Ls 3 s l i g y t  
incoxgrLity between 3; mix and 
experimenti D12 or, the (;'her >and, 
A& 
h mix 0% the  one nand and the 
The measurements of the Ar-He system exhib i t  a high degree 
of i n t e rna l  consis tency,  wken T x r n t o n  and Baker 's  f l r s t  s e t  
of h mix data  a r e  ignored, 
The temperatuze rslnge of the measused D12 for Kr-fie i s  
l imi ted  arLd t3erefore  mutual consistency appears to be very 
good. 
The r e s u l t s  f o r  the  Xe-He systems r e f l e c t  the discrepancy 
between the experimental and the D der ived from mix, 
There ,is u n i . f ~ m  d bagreem.ent between t e t.heoret.ica1 va.1,zl.es 
of h mix and the experimental values  [12,18,20] a s  wel l  3s between 
the theor.et..ical. and. expe rhen ta l  values  of m i x  [ 1.23 Th is  d i s -  
cordance has been a.t:tribtit.ed te the  intermolecular  pot.entia1 
chosen for  Xe and Xe-He [ 201. The experimental D12 i21.1 a.re 
i n  good agreement wi . t ,h  thaosetica.1 ca,Ecu,lat.ions. Since the  
der ived values of D ~ J  which. are  based on t w o  d i f f e r e n t  kinds 
of da ta  measv.red by several  d i f f e r e n t  i n v e s t i g a t o r s ,  a r e  i n  
good agreemept. wit?: each other ,  i t  seems a s  i f  the experiment.al, 
D 1 2  should be rei.mvest.igat.ed, 
The re5c;lt.s for A r - N e  SI-ow t ha t  the s lope obtaiped from 
von Cbisch's dat2 ig rees  best with the experimental D12 and the 
combicat.ion o f  Saxena's data  arrd a value of D12 based QII v i scos i ty  
da ta  y i e l d s  the best. over a l l  agreement. The general  consis tency 
between h mfx anrd the "12 is on ly  f a i r ,  
6 
The same remarks made fo r  the Kr-Ele systen; apply t o  the 
Kr-Ne and the Xe-Ne systems. 
The r e s u l t s  f e r  K r - A r  a r e  s imi la r  t o  those of Ar-Ne. 
Thermal conduct iv i t ies  measured by von Ubisch show the h ighes t  
consis tency with the experimental D12# b u t  the c a l c u l a t i o c s  a r e  
based on h mix a t  only one camposition. 
For the Xe-Kr system the consistency seems t o  be good f o r  
a l l  th ree  h mix measurements, with those of von Gbisch appearing 
b e s t .  
There i s  not  enough independently determined D12 t o  t e s t  the  
Xe-Kr system. 
O n  the b a s i s  of the  r e s u l t s  given i n  Table 2 i t  appears a s  
i f  the s lopes of the I n  D12 vs I n  T curves der ived from h mix 
could be used t o  p r e d i c t  values of D12 f o r  those systems f o r  
which D12 i s  known a t  a few temperatures. 
would be expected t o  be accurate  t o  b e t t e r  than 10% over range of 
about 100' above and below room temperature. 
t o  recommend the  s lope based on  a p a r t i c u l a r  s e t  of h mix over 
the o the r s  f o r  these systems, therefore  a l l  the  ca lcu la ted  s lopes 
a r e  l i s t e d  i n  Table 3 f o r  those systems f o r  which there  a r e  
l i m i t e d  da ta  f o r  D12. 
The predic ted  values 
There i s  no reason 
There i s  another extremely s e n s i t i v e  t e s t  f o r  the ca lcu la ted  
s lopes.  
the thermal d i f fus ion  f a c t o r .  
can be w r i t t e n  i n  terms of experimental q u a n t i t i e s  a s  [ S I ,  
This i s  t o  use the slopes to  c a l c u l a t e  t3e magpitude of 
The thermal d i f fus ion  f a c t o r ,  c+ , 
where, i n  terms of the thermal conduct ivi ty ,  
7 
25 1 PD12 [3M1 2 + M22 + 8 M 1 M 2 A r 2 ]  . 
TX2 Q2 =2 2 
The a c a l c u l a t e d  f rom E q . ( 8 )  are v e r y  s e n s i t i v e  t o  s m a l l  T 
errors i n  t h e  s l o p e  due  t o  t h e  f a c t  t h a t  t h e  s l o p e  is u s u a l l y  n o t  
f a r  f rom 2. E q . ( 8 )  is t h e  e x p r e s s i o n  f o r  t h e  f irst  a p p r o x i m a t i o n  
t o  t h e  t h e r m a l  d i f f u s i o n  f a c t o r  f o r  t h e  case when t h e  heavy g a s  is 
p r e s e n t  as a trace.  There  a re  s e v e r a l  r e a s o n s  f o r  c o n s i d e r i n g  t h i s  
p a r t i c u l a r  case, The e x p r e s s i o n  f o r  t h e  f i r s t  a p p r o x i m a t i o n  is 
s i m p l e r  t h a n  a t  i n t e r m e d i a t e  c o m p o s i t i o n s  and  t h e  errors due  t o  
n e g l e c t i n g  h i g h e r  a p p r o x i m a t i o n s  are smallest  f o r  t h i s  
c o m p o s i t i o n  L22J . Fur the rmore  t h e r e  are some e x p e r i m e n t a l  measure- 
men t s  a t  t h i s  c o m p o s i t i o n  f o r  A r - H e  
X e - A r  bq . 
k j l  and  X e - H e ,  X e - N e ,  and 
I n  T a b l e  4 are g i v e n  t h e  e x p e r i m e n t a l  v a l u e s  of aT9 
c a l c u l a t e d  from t h e  smoothed e x p r e s s i o n s  [ 2 3 9 2 4 .  Also g i v e n  are 
v a l u e s  of aT c a l c u l a t e d  w i t h  E q . ( 8 )  u s i n g  t h e  e x p e r i m e n t a l  D12 
a n d  (7) b a s e d  on t h e  e x p e r i m e n t a l  D12, and  t h e  v a l u e s  o f  aT 
o b t a i n e d  i n  t h e  same manner u s i n g  t h e  D o b t a i n e d  f rom d a t a .  
The ag reemen t  f o r  A r - N e  and  X e - N e  is s u r p r i s i n g l y  good c o n s i d e r i n g  
1 2  mix 
t h e  s e n s i t i v i t y  o f  aT t o  (dlnD12/dlnT)p. The r e s u l t s  f o r  X e - H e  
i n d i c a t e  t h a t  t h e  D12 b a s e d  on v i s c o s i t i e s  are more c o n s i s t e n t  w i t h  
t h e  e x p e r i m e n t a l  a t h a n  t h e  measured  D12. T h i s  i n d i c a t i o n  is i n  T 
4 .  Acknowledgments 
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Table I 
Diffusion Coeff ic ien ts  Obtained from Xmix us ing  
Theore t ica l  V a l u e s  of B12 * 
System 
Ne-He  
A r - H e  
K r - H e  
Xe-He 
A r - N e  
Ktr-Ne 
X e - N e  
K r - A r  
X e - A r  




































































































































































































The values  i n  paren thes is  a r e  ex t rapola ted  va lues  us ing  t h e  s lope  
and v a l u e  determined a t  291°K 
Table 2a 
Comparison of d i f fus ion  c o e f f i c i e n t s  obtained from X and one 
experimental  D12 w i t h  measured D12 and D12 obtained from qmix 
mix 
2 pD12 atm- c m  /sec 
System TOK 






























































































































































































0.877 3 .0  
0.916 3 .1  
0.992 -0.7 
System TOK 



























































2 pD12 atm - c m  /sec 































0.551 -1.0 0.554 
0.606 0.2 0.606 
0.664 0.8 0.661 
0 724 0.6 0.718 









































































































0.0189 -47.4 0.0343 
0.119 -25.3 0.145 










2 pD12 atm- cm / s e c  



















0.266 -3.5 0.274 
0.302 0.8 0.303 
0.341 4.4 0.334 
0.383 7.3 0.365 
0.491 11.1 0.444 
0.986 33.6 0.769 
0.0104 -60.0 0.0216 
0.0178 -53.8 0.0331 
0.114 -22.2 0.142 
0.173 -15.7 0.196 
0.310 -0.2 0.309 
0.311 6.4 0.309 
0.316 2.2 0.314 
0.569 22.1 0.497 
1.02 46.1 0 782 










































































0.221 -0.8 0.217 
0.242 0.9 0.240 
0.264 -0.7 0.263 
0.287 1.0 0.288 


























0.185 -0.5 0.184 
0 e 203 0.5 0 203 
0.222 0.6 0.222 
0.242 -0.6 0.242 
















0.0896 23.6 0.0653 
0.127 0.8 0.120 
0.127 6.7 0.120 
0.134 4.7 0.132 











2 pD12 atm- cm /sec 
System TOK 




























































































































Comparison of d i f f u s i o n  c o e f f i c i e n t s  obtained from Xmix and one 
D12 determined from v i s c o s i t y  data  w i t h  experimental  D12 and 
obtained from qmiX. D12 
2 pD12 a t m -  c m  /sec 
System TOK obs 1 8 O C  dev  29OC dev 3 8 O C  dev 
Ne-He  273 0.906 
288 0.986 
303 1.065 













0.891 -1.7 0.944 
1.02 3.9 1.03 
1.17 9 .8  1.13 
1.33 14.5 1.23 
0.0010 -89.9 0.0112 - 
0.0218 -74.6 0.0831 
0.050 -66.0 0.142 
0.050 -66.0 0.142 
0.366 -31.3 0.527 
1.05 -0.5 1.05 
1.07 2 . 2  1.07 
1.07 -2.2 1.07 
1.07 1 . 2  1.07 
2.01 25.8 1 .61  
3.74 57.7 2.42 
4.86 74.7 2.87 










0 544 0.550 
0.583 0.580 





0.744 0 e 729 
0.760 0.758 
















































0 e 583 
0.621 
0.637 
0 e 664 
0 696 
0.700 
0 e 729 
0.757 
0.821 
1 .8  
0.0 
-2.8 
-0 .5  
-5 ,5  
-0.7 
-4.2 




Table 2b Cont'd. 
2 pD12 atm - cm /sec 
System TOK 
- Xe-He 500 
550 





























obs 18OC dev 
1.27 1.33 5.0 









































































0.186 0.186 0.0 
0.202 0.204 1.0 
0.221 0.223 1.0 
0 244 0.243 -0.4 























0 224 0.4 
0.246 2.5 





0 e 223 1.0 
0 244 0.0 




























Table 2b Cont'd. 
2 pD12 atm- cm lsec 
System TOK 






























obs 18OC dev 29OC dev 
0.851 



































2.0 0.870 2.3 
2.3 0.913 2.7 
-1.1 0.995 -0.5 
-1.0 1.06 0.0 
-4.0 1.09 -3.2 
-1.1 1.16 -0.1 
-3.3 1.26 -2.2 
-2.2 1.33 0.9 
-4.5 0.0608 -10.7 
-3.4 0.0748 -9.1 
-6.3 0.090 -11.4 
0.0 0.342 -2.1 
-2.5 0.465 -3.9 
-3.0 0.706 -3.3 
1.5 0.706 1.2 
1.3 0.715 1.0 
1.2 1.09 2.0 
2.2 1.66 4.2 
0.556 0.548 -1.4 0.554 -0.3 
0.605 0.604 -0.2 0.607 0.3 
0.659 0.662 0.4 0.662 0.4 
0 e 720 0.722 0.3 0.719 -0.2 
0.616 0.616 0.0 0.619 0.4 
0.501 0.458 -8.7 0.459 -8.3 
0.550 0.503 -8.6 0.503 -8.6 
0.604 0.550 -8.9 0.548 -9.2 
0.655 0.600 -8.5 0.595 -9.1 
0.512 0.513 0.2 0.513 0.2 
0.518 0.519 0.1 0.518 0.0 



























Table 2b Cont'd. 
2 pD12 a t m -  c m  /sec 
1 8 O C  dev  29OC System TOK obs 





3 18 0.153 
3 53 0.197 
373 0.216 
473 0 327 
291.5 0.132 









































8 .4  0.0481 
2.0 0.0932 


































0.123 3 .3  
0.134 4.7 


















. Calculated and experimental s l o p e s  of 
the  In D v s  In T curve 
f r o m  Xmix 
System 18OC 29OC 38OC expt 1 .  
K r - H e  1 . 8 0  1 .70  1 .69  
Kr-Ne 1 . 6 5  1 . 7 7  1 . 6 3  1 .63  
X e - N e  1 . 7 6  1 . 8 1  1 . 7 8  
X e - K r  1 . 7 3  1 .48  
Table 4 
System 
A r - H e  
Xe-Hea 
Xe-Nea  
X e - A r a  
T 
Observed and c a l c u l a t e d  a, 
T a 
TOK e x p t l .  e x p t l  D12 
291 .669 .687 
302 .671 .603 
311 .672 .797 
291 .96 1.21 
302 .97 1.40 
311 .97 1.29 
291 .57 .51 
302 D 57 0 43 
291 .19 .45 
302 .19 .14 













133~e  These  measu remen t s  r e f e r  t o  
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